Controlling hypertension is important to protect renal function and prevent cardiovascular disease in chronic kidney disease (CKD) patients. However, data on hypertension awareness, treatment and control among CKD patients are limited. Two nationwide surveys were conducted in China in 1999-2000 and 2004-2005 among, respectively, 1328 and 1244 adult, non-dialysis, hypertensive CKD patients, to assess the status of hypertension awareness, treatment and control and associated factors. A standard questionnaire was adopted, and blood pressure (BP) was measured by trained staff according to a standard protocol in both surveys. Compared with the data from 1999-2000, the data from 2004-2005 showed increased awareness (87.2 vs. 75.7%, Po0.001), treatment (85.9 vs. 80.4%, P¼0.001) and control (30.0 vs. 21.1%, Po0.001, by the general threshold of BPo140/90 mm Hg; 7.7 vs. 5.9%, P¼0.075, by an optimal threshold of BPo130/80 mm Hg) of hypertension. The odds ratios for general BP control were 1.4 (95% confidence index (CI), 1.1-1.7) for female gender, 1.1 (95% CI, 1.0-1.1) for high estimated glomerular filtration rate, 1.3 (95% CI, 1.1-1.6) for treatment in a local hospital, 2.8 (95% CI, 2.0-3.9) for hypertension awareness and 1.7 (95% CI, 1.4-1.9) for combined treatment. General physicians from local hospitals made greater contributions to the total improvement. Lack of treatment was mainly due to patients not recognizing the necessity for it. This is the first report of hypertension awareness, treatment and control among hypertensive CKD patients from a developing country. Improvement of awareness and general control of hypertension were demonstrated. Education of both physicians and patients regarding optimal BP control should be reinforced in the future.
INTRODUCTION
Hypertension is an independent risk factor for the development of renal insufficiency and a major risk factor for cardiovascular disease (CVD) morbidity and mortality related to chronic kidney disease (CKD). [1] [2] [3] [4] It has been reported that the prevalence of hypertension in those with incipient renal insufficiency may be 30-60% and may rise to more than 80% in end-stage renal disease. 5 Effective anti-hypertension therapy is critical to delay the decline of renal function [6] [7] [8] [9] [10] [11] and is associated with a significant reduction in CVD events in CKD patients. [12] [13] [14] [15] A report from the Joint National Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure and the National Kidney Foundation Kidney Disease Outcome and Quality Initiative identified CKD patients as a high-risk group in whom intensive hypertension treatment is warranted. The report recommended that the blood pressure (BP) of CKD patients be controlled to less than 130/80, or 125/75 mm Hg if proteinuria is higher than 1 g per day. 16, 17 Although hypertension control is very important in CKD patients, data on hypertension awareness, treatment and control among these patients are limited, [18] [19] [20] whereas many studies have been performed in the general population. Furthermore, there are no studies from developing countries, where the medical care systems and medical resources are quite different from those in developed countries. The aim of the present study was to investigate hypertension awareness, treatment and control rates among non-dialysis hypertensive CKD patients in a developing country, China, and to analyze the possibility for improvement by comparing two surveys conducted in 1999-2000 and 2004-2005 .
METHODS

Study population
The surveys were conducted in hospitals selected on the basis of geographical location and the socioeconomic status of the cities where they were located. The participating hospitals were divided into two types: type I hospitals had independent renal units in which CKD patients were followed by nephrologists, and type II hospitals were local hospitals where general physicians with special training in nephrology took care of CKD patients. The first survey, in 1999-2000, was performed in 20 hospitals, comprising 13 type I hospitals and 7 type II hospitals; a total of 1328 patients were recruited. The second survey, in 2004-2005, was conducted in 18 hospitals selected from those that took part in the first survey: of the 13 type I hospitals, two hospitals withdrew; of the 7 type II hospitals, 2 hospitals withdrew and 2 new hospitals joined in. A total of 1244 patients were recruited for the second survey. The reason for the withdrawal of hospitals in the second survey was that their chiefs were not interested in taking part in the survey again.
Participant evaluation
Adult hypertensive CKD patients from the selected hospitals aged 18 years or older and not on renal replacement treatment were invited to participate in the surveys. The surveys did not include patients who refused to participate or those with any of the following conditions: primary aldosteronism, pheochromocytoma, renal artery stenosis (vascular ultrasound or computed tomography renal arteriography was performed when clinical features such as a sudden increase in BP, refractory hypertension and elevation of serum creatinine (Scr) with a renin-angiotensin system inhibitor indicated the diagnosis), Cushing's syndrome, adrenal medullary hyperplasia, renin-secreting tumor, hyperthyroidism and pregnancy. All participants signed an informed consent form before they were asked by the medical staff to complete the standardized questionnaire. The study was approved by the Institutional Review Board of Peking University First Hospital. The questionnaire, which was administered and completed by trained medical staff, contained questions about basic demographic information (for example, gender, age, nationality), education, medical history of CKD (for example, clinical diagnosis of CKD cause, pathological diagnosis if renal biopsy was performed, regimen of immunosuppression treatment) and information about hypertension. Two BP readings were obtained with a mercury sphygmomanometer according to a standard protocol after the participant had been sitting quietly for 5 min, with a 30-s interval between every two measurements. The first and fifth Korotkoff sounds were recorded as systolic and diastolic BP, respectively. The average of the two readings was used for analysis. Measurements of Scr were made independently in each hospital and recorded in the questionnaire.
Definitions
CKD was diagnosed as a glomerular filtration rate of less than 60 ml min À1 per 1.73 m 2 or the presence of kidney damage for more than 3 months, according to the Kidney Disease Outcomes Quality Initiative guidelines. 21 The estimated glomerular filtration rate (eGFR) was calculated from Scr using the modified Modification of Diet in Renal Disease equation for Chinese. 22 Patients were stratified into three groups according to eGFR: X60, 30-60 and o30 ml min À1 per 1.73 m 2 .
Hypertension was defined as systolic BP X140 mm Hg and/or diastolic BP X90 mm Hg, or undergoing current treatment with antihypertensive drugs. Awareness of hypertension was defined as the participant's knowledge of a previous diagnosis of hypertension before being invited to join the survey. Some patients were already taking anti-hypertensive drugs but were deemed unaware because they just followed the doctor's prescription without asking or being told why they should take the drugs. Treatment of hypertension was defined as use of antihypertensive drugs within the 2 weeks preceding the survey. Control was defined using two BP thresholds: less than 140/90 mm Hg for the general population and less than 130/80 mm Hg for CKD patients. Treatment with at least two types of antihypertensive drugs was defined as combined therapy.
Hospital type was defined as mentioned above. Education was divided into two subgroups: below or above high-school graduate. Chronic glomerulonephritis (CGN) was primarily diagnosed according to clinical features, including proteinuria, hematuria, edema and hypertension, when no evidence of any systemic disease such as systemic lupus erythematosus, which might cause these clinical features, could be found. Diabetic nephropathy was also primarily diagnosed clinically. Diabetic patients who had proteinuria as their prominent clinical presentation without obvious hematuria, usually accompanied by other clinical evidence of diabetic target organ injury such as retinopathy, were diagnosed as having diabetic nephropathy. Renal biopsy was not mandatory.
Data collection
The questionnaire used in both surveys was the same. It was designed by the Department of Epidemiology, Fu Wai Hospital and Cardiovascular Institute, Chinese Academy of Medical Science, the top institute in China for epidemiology studies, and the Renal Division, Department of Internal Medicine, Peking University First Hospital, the top institute in China for renal disease. Detailed descriptions of how to fill out the questionnaire were also attached to each questionnaire. Furthermore, there was a coordinator in every hospital who was strictly trained before administering the surveys by Peking University First Hospital regarding how to fill in the questionnaire according to the standardized protocol. These coordinators were responsible for training and supervising the local physicians participating in the study. Telephone communication was always open between the participating hospital and Peking University First Hospital if any problems were encountered during the surveys. The same method was used to collect data in both surveys, including the questionnaire and physical examination. All data were recorded on uniform record forms, coded and entered twice into computers by trained staff members at the Department of Epidemiology, Cardiovascular Institute, Chinese Academy of Medical Sciences for statistical analysis.
Statistical analysis
Continuous variables are presented as mean and standard deviation (s.d.), and categorical variables are presented as percentages. A w 2 test was used for categorical variables, while a t-test was used for continuous variables. Multiple logistic regression analysis was performed to assess the association of factors with awareness, treatment and control of hypertension. Variables for the awareness model included age, gender, education level, eGFR and hospital type. In addition, awareness of hypertension was added to the treatment model, and combination therapy was added to the control model. The survey year was also put into the above models as a variable. The results are reported as odds ratios (ORs) with a 95% confidence index. Two-tailed P-values o0.05 were considered significant.
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All analyses were done using the SPSS statistical package, version 13.0 (SPSS, Inc., Chicago, IL, USA).
RESULTS
Demographic and clinical characteristics
A total of 2572 patients were enrolled in the two surveys, and about 23% of them had received a renal biopsy. The general characteristics of the participants are summarized in Table 1 . In both surveys the most prevalent clinical diagnosis for CKD was primary CGN, which accounted for 54.3% of CKD patients in the first study and 54.9% in the second.
Overall hypertension awareness, treatment and control rates From 1999 to 2005, both absolute hypertension awareness and treatment rates increased significantly ( Table 2 ). Basing hypertension control on a less than 140/90 mm Hg threshold, significant improvement was seen in the second survey, not only for those who were treated but also for all hypertensive participants. However, when the less than 130/80 mm Hg threshold was used, the control rate was still poor and showed no significant improvement in the second survey.
There The stratified analysis of hypertension awareness, treatment and control by gender, age, education, eGFR and hospital type is shown in Table 4 . In the 1999-2000 survey, women had better BP control at less than 140/90 mm Hg than men, which was similar to the findings in an essential hypertension survey. However, in the 2004-2005 survey, both men and women showed significant improvement in BP control, and no difference could be found between them. Young participants (o45 years) had the least awareness of their hypertension in both surveys. BP control rates decreased in accordance with the decrease in eGFR levels in both surveys. Hypertension awareness, treatment and control Y Wang et al DISCUSSION CKD is becoming a worldwide public health problem not only in developed countries but also in developing countries. [23] [24] [25] Although much evidence has shown that BP control attenuates the rate of GFR decline and reduces the rate of cardiovascular complications in CKD patients, only limited data have been reported about hypertension awareness, treatment and control in this special population. Furthermore, most of this information has come from developed countries. [18] [19] [20] The present study provides data for hypertension awareness, treatment and control in CKD patients with hypertension in China over a 5-year period. To our knowledge, this is the first consecutive report from the developing world.
Predictors of hypertension awareness, treatment and control
Our data demonstrate that hypertension awareness, treatment and control among hypertensive CKD patients in China increased over a 5-year period. Recent data from a subgroup analysis of the Kidney Early Evaluation Program (KEEP) study, which was conducted among 10 813 CKD patients, 18 showed that 86.2% of them were identified as hypertensive at the 130/80 mm Hg threshold, and only 34 and 13.2% of them had BP less than 140/90 and 130/80 mm Hg, respectively. Similar results were reported in an Italian study, 19 with 40.6 and 12.5% control for less than 140/90 and 130/80 mm Hg, respectively. Data from NHANES 1988 NHANES -1994 showed that among patients with elevated Scr (men: ScrX1.6 mg per 100 ml, women: ScrX1.4 mg per 100 ml) and hypertension, only 27% had BP less than 140/90 mm Hg. In our study, the control rate in the 2004-2005 survey for less than 140/90 mm Hg was 34.8%, which was significantly improved from that of the 1999-2000 survey and similar to that of the KEEP study. Admittedly, our participants were all enrolled in hospitals, which could contribute to the relatively high treatment and control rates, while participants in the KEEP study were enrolled by screening people at high risk for CKD. In addition, optimal hypertension control at the less than 130/80 mm Hg threshold in both of our surveys was still poor and lower than that reported for developed countries, which is still not optimal.
Perhaps the most inspiring finding from the comparison of these two surveys is the improvement in BP control achieved by general physicians in local hospitals. Further analysis excluded bias due to clinical characteristics, and the improvement seemed, at least in part, to come from improved awareness and greater adoption of combined therapy. This indicates that more and more general physicians realized the importance of hypertension control for CKD patients and initiated education and treatment of their patients. Additionally, they tried to optimize therapy by using combined treatment for even greater control. Randomized clinical trials of patients with CKD have shown that adequate BP control is possible, but it requires close follow-up and, on average, three or four antihypertensive medications. [26] [27] [28] Thus, improvement in hypertension management by general physicians is quite meaningful, given that most CKD patients are followed by general physicians rather than nephrologists in the current Chinese medical system.
In addition to clarifying the factors contributing to overall improvements, the surveys also raised some concerns that should be addressed. Awareness, in part, is a prerequisite for patient compliance with longterm treatment and may ultimately determine treatment efficacy to some degree. Still, there were approximately 13% of patients who were unaware of their hypertension in the 2004-2005 survey. Furthermore, young participants (o45 years), who have the longest life expectancy, had the lowest awareness rates in both surveys, which might result in less treatment and less optimal BP control in this group. Patients' recognition of the importance of BP control also influences their compliance with long-term treatment and treatment efficacy. Notably, approximately 20% of patients in both surveys were untreated, with the leading reason being an unrecognized need for hypertensive treatment by the patient. This highlights the importance of hypertension education for CKD patients in daily clinical practice. In addition, the poor control rates for optimal BP control (less than 130/80 mm Hg) indicate, in part, insufficient acknowledgement by physicians of the more strict BP control needed for CKD patients. This stricter requirement must be emphasized in the future education of physicians.
This study was limited in that the surveys were cross-sectional and were conducted in relatively prosperous cities in China with large to moderate populations, such that only a few patients were recruited from rural and impoverished areas. Thus, the true overall awareness, treatment and control rates of hypertensive CKD patients in China may be lower than those reflected in the current data.
In conclusion, this is the first consecutive report of hypertension awareness, treatment and control of hypertensive CKD patients from a developing country. Improvement in hypertension awareness and BP control at a threshold less than 140/90 mm Hg has been achieved in China, primarily because of the efforts of general physicians in local hospitals. Future strategies should focus on educating both physicians and CKD patients to achieve better adherence to optimal BP control at less than 130/80 mm Hg and helping clinicians choose appropriate combination regimens to achieve strict BP control.
